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PHYSIOLOGICAL AND MUTAGENIC RESPONSES IN 
ARABIDOPSIS THALIANA (L.) HEYNH. TO ALDRIN, LINDANE AND PERTHANE
INTRODUCTION
Arabidopsis thaliana (L. ) Heynh., a small member of the 
Cruciferae, is ideally suited as an experimental plant in mutation 
research for some of the following reasons:
1. It is a highly self-fertilizing species, which leads to the 
maintenance of extremely homozygous genetic lines. Out- 
crossing in the lab is in the range of 0.01$, while in 
nature it is no greater than 2 (Redei 1975). Thus, there is 
no confusion between new characteristics due to mutation and 
those due to outbreeding.
2. Spontaneous mutation rates are relatively low (Redei 1970), 
again making induced mutations more observable.
3. Its small size (about 2 dm) and short life cycle (35 to 40 
days) mean little space and time are needed to carry out 
research.
For these reasons, A. thaliana has been used as a tool in 
screening possible mutagenic agents; however, its use has been 
limited in studying insecticide-induced mutation (Redei 1970). 
Therefore, this study was designed to test for the possible mutagenic 
action in A. thaliana of three chlorinated hydrocarbons: lindane,
aldrin and perthane (Fig. 1).
During the course of the study, growth responses were observed,
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Fig. 1
Structures of Insecticides Applied
Cl
C1--C1
Cl
Cl
Aldrin
1,2,3,4,10,10-Hexachloro-l, 4,4a , 5,8, 8a-hexahydro- 
1,4-endo-exo-5,8-dimethano-napthalene
Cl Cl
Cl -ClCl
Lindane (gamma BHC)
1,2,3,4,5,^-Hexac hloroc yclohexane
Perthane
1,l-D±chloro-2,2-bis (p-ethylphenyl) ethane
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so this information was also incorporated.
MATERIALS AND METHODS
Two generations of plants (hereafter referred to as the and M2 
generations) were observed for mutations after insecticide treatment* 
Four seed lots (one for each of the three insecticides and one control) 
were treated; each lot consisted of 100 seeds*
Concentrations for seed treatment were determined by running 
germination tests with 1 yg, 2 yg and 10 yg of the insecticide in 
10 ml of carrier. The low concentrations correspond to those used in 
field application for crucifers, as recommended by H. T. Reynolds 
(1956)* Germination was not inhibited at any of the dosage levels for 
any of the insecticides; however, a reduction in the number of ob­
served cotyledon variations occurred at the 10 yg level for aldrin 
and lindane (Table I). Since the 1 yg and 2 yg doses are in the 
range of agricultural use, the 2 yg treatment was chosen.
Application technique was a modification of the agriculturally 
used slurry technique (Lange et al. 1953). Since all three insecti­
cides are water insoluble, solutions of each were made by placing.
20 mg of the insecticide in 50 ml of petroleum ether. In each case, 
a 5 uL aliquot was transferred to a 50 ml erlenmeyer flask, and the 
solvent was allowed to evaporate. 10 ml of 1$ methyl cellulose in 
distilled water, used agriculturally as an adherent in seed treatment,
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was added** The control seeds were treated with 10 ml of methyl cellu­
lose alone. Treatments were carried out in the dark since these 
insecticides undergo photodegrsdation. The flasks were slowly shaken 
at room temperature for 16 hours; then the seeds were rinsed contin­
uously for five hours with tap water.
The plants were raised in flats of steam sterilized soil, irri­
gated from below to maintain constant moisture and kept under gro-lux 
lights on a 16 hour photoperiod.
The following characteristics were observed and recorded for each 
plant: days to germination; cotyledon shape, size, and color; days to
bolt and flower; days to fruit set; days to mature seed; rosette size 
at day 25; plant height at day 65; stem diameter; and leaf shape and 
color.
Data from these plantings include per cent mutation for each of
the following: M^ plants, Mj_ siliques and M2 embryos.
Two additional tests were run to screen for embryonic lethals and 
root growth mutations:
1# Bnbryonic lethals. The embryo test devised by Muller (19&5)f 
which simplifies observation of chlorophyll and lethal muta­
tions in the Mg generation, was employed. Since there are ten 
times as many embryonic lethals as chlorophyll mutants 
(Ehrehberg 1971)» this test reveals many mutants often missed.
*Even distribution of the insecticide during treatment was indicated by
observed growth inhibition in &Wfo of the aldrin-treated plants.
6
Siligues were opened and observed 11 to 13 days after fertili­
zation, just prior to seed ripening. The easy observation of 
chlorophyll mutants was facilitated by the transparency of the 
seed coats at this stage. The first five siliques and plants 
producing fewer than five siliques were not included in this 
portion of the study.
2. Root growth mutations. The second test used was a modifica­
tion of Muller*s root development assay, as proposed by 
Bonotto (1966). Root growth measurement, was used as an 
indication of physiological mutations, since the hypocotyl 
does not readily display mutation (Muller 1964)• Seeds were 
arranged equidistantly from the edge of a filter-lined funnel. 
The funnel was supplied with even moisture by placing it on a 
thick layer of filter paper in a tray partially filled with 
water. This technique allows equal light intensity and 
moisture to be supplied to each seed. 50 seeds for each test 
system were treated in the manner mentioned previously and 
observed for five days for seed germination and root growth. 
Root length measurements were made and compared for each test 
system.
RESULTS
Mutation data for the plants indicated significant mutation 
for the lindane treatment but not for aldrin. A higher percentage of 
mutation was observed in perthane as compared to the control; however,
7
this increase was not statistically significant (Table II). Of the 
great variety of imitations obtained, some were found in all test 
systems, while others were limited to one or two of the treatments.
In most of the mutated plants, effects observed were multiple; however, 
a few reflected a single morphological variation.
The percentage of siliques bearing embryos with chlorophyll and/or 
lethal mutants closely corresponded to the mutation percentages for the 
M-̂ plants overall. The number of siliques bearing mutated embryos 
varied from plant to plant (Table III).
Mutation percentages in the M2 embryos dropped in all cases from 
the percentages in both the plants and siliques; however, perthane 
and lindane both showed significant mutation as compared to the control 
(Table IV).
In all three groups of data, some of the information regarding 
the aldrin-treated plants is not comparable to the data from the other 
test systems because growth rate was significantly affected by aldrin, 
as described below. This made the distinction between mutagenic and 
physiological response somewhat arbitrary and subjective.
There was no evidence of phytotoxicity in any of the treatments, 
as supported by the germination percentages shown in Table V. There 
was, however, a slight lag in the germination rate of the perthane- 
treated seeds. A significant increase in mutation numbers for total 
mutation was observed in this assay for aldrin and lindane-treated 
seeds. There was no significant mutation in any of the treatments for 
root mutations, although a higher percentage of mutation was observed
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Table II
Mutations in Plants
Type of Mutation # of mutations occurring/treatment
Control Perthane Aldrin Lindane
A. Cotyledons 
1« White 0 0 1 02• Opened incompletely 1 0 0 03* Yellowed, curled and 
died back 0 0 3 2
B. Cotyledons and early 
leaves
1. Curled and died back 0 1 1 12. Curled and no flower 2 0 0 0Curled, late flower, 
growth stunted and 
apex died 1 1 0 0
C. Cotyledons distorted, 
growth stunted and apex 
died 0 0 0 1
D. Pale cotyledons, growth 
stunted and apex died 0 0 0 1
E. Normal vegetative growth 
1* Late flower 1 2 1 42# Late flower, delayed 
fruit set 0 . 0 5 03. No flower 0 0 2 04. Apex died 0 0 0 13
5m Delayed fruit set 1 0 0 0
F. Stunted growth*
1. Late flower, apex 
died 5 4 0 12# Late flower 1 0 0 03# No flower 0 1 2 0
Um Normal flower time, 
apex died 0 8 0 11
5 m Normal flower time 0 0 0 36. Late flower, delayed 
fruit set 0 0 1 2
7m Flowers droop,
delayed fruit set, 
apex died 0 1 1 0
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Table II (Cont.)
Mutations in Plants
Type of Mutation # of mutations occurring/treatment
Control Perthane Aldrin Lindane
8. Round leaves 0 1 0 0
9. Round leaves, thin
shoot, apex died 6 12 0 0
G. Cauline leaves opposite 0 1 0 0
H. Double shoot 0 1 0 0
I. Reddish, curled leaves,
7 mm rosette, no flower 0 0 2 0
J. Flattened rosette, late
flower, delayed fruit set _0 JL JO
Total mutations 18 33 20 39
Total normal 77 65 79 53
% mutation** 18.9 33.7 . 20.6 39.4
±7.7 ±9.3 ±7.9 ±9.6
♦Comparison of this data with other test systems is difficult due to 
observed growth inhibition* *
**95% confidence intervals used.
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Table III 
Mutations in Siliques
Treatment Siliques bearing 
mutated embryos
Total of
siliques
bearing
mutated
embryos
Total of 
normal 
siliques
Per cent 
mutation**
# of 
plants
Siliques/
plant
Control 19 1 19
7 2 14
1 3 3
0 4 0
3S 297 10.8±6.1
Perthane 24 1 24
13 2 26
12 3 36
1 4 4
90 189 32.3±9.2
Lindane 31 1 31
10 2 20
8 3 24
0 4 0
75 194 28*5*8*8
Aldrin* 3 1 3
1 2 2
0 3 0
0 4 0
5 36 12.2+6.4
♦Comparison with other test systems is difficult due to observed 
growth inhibition*
**95% confidence intervals used*
11
Table IV 
Mutations in Bnbryos
Mutation Number of mutations
Control Perthane Aldrin* Lindane
Lethal 165 353 26 311
Light green 2 18 2 24
Yellow 0 0 0 7
White 0 4 0 0
Total mutants 167 375 28 342
Total normal 12,763 9.558 1.551 9.203
Total embryos 12,930 9,933 1,579 9,545
% mutation** 1.291.19 3.781.38 1.791.65 3.581.37
■̂ Comparison with other test systems is difficult due to observed 
growth inhibition.
**95/& confidence intervals used.
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Table V
Germination Rates from Root Growth Assay
Treatment Days after rinsing % Germination
Control 1 84$2 98$
3 100$
4 100$
5 100$
Perthane 1 56$
2 96$
3 96$
4 96$
5 96$
Aldrin 1 86$
2 92$
3 100$
4 100$
5 100$
Lindane 1 78$
2 86$
3 92$
4 98$
5 98$
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in the lindane treatment as compared to the control (Table VI) •
An apparent growth inhibition was observed in 84.8$ of the aldrin- 
treated plants, as compared to 5*3$ for the control, 9*3$ for lindane 
and 14*3$ for perthane. This growth inhibition was characterized by 
termination of growth of the apical meristem with a second shoot 
taking over the main growth, dark green leaf coloration, unexpanded 
leaf blades, and short internodes. Both rosette size at day 25 and 
plant height at day 65 were significantly lower in the aldrin-treated 
seeds than in the control (Table VII). A slight reduction in both of 
these measurements was also observed for perthane.
Computation of daily mean root length for four consecutive days 
showed stimulated root growth for both aldrin and lindane treatments 
(Pig. 2). Hoot growth of the perthane-treated seeds did not vary from 
that of the control.
DISCUSSION
Mutagenic Effects
Potential Mutagenic Nature of Insecticides
Some mutagenic changes involve alkylation reactions which alter 
the base* sequence, giving rise to point mutations, but not preventing 
BNA duplication. Inactivating alterations, which can also be caused 
by alkylating agents, inhibit duplication of the mutated side of the 
DNA molecule since the changes are so drastic. If not repaired by 
enzymes, these alterations lead to chromosome breaks and often cell 
death (Epstein and Legator 1971)* A chemical having an alkylating
14
Table VI
Mutations Observed in Root Growth Assay
Mutation # of Mutations
Control Perthane Aldrin Lindane
Root effects
1* Growth slowed
(about .25 mm/day) 
2* No root hairs, 3 5 4 5
yellowish roots . 0 0 2 5
Cotyledon effects
1* Light green 
2* Light green with
0 0 8 2
red margins 0 0 0 4White 0 0 1 0
4* Three cotyledons 0 1 0 0
5* Late yellowing 1 0 1 0M W *
Total mutations 4 6 16 16
Total $ mutation* e±7.5 12±9 32112*9 32H2*9
Total $ root mutation* 6±6.6 1018.3 1219 20111.1
*95$ confidence intervals used*.
15
Table VII
Mean Rosette Diameter and Mean Plant Height 
Significance shown as 2 S. E.
Treatment Mean Plant 
Height (in cm) 
on Day 65
Mean Rosette 
Diameter (in cm) 
on Day 25
Control 17*36±1.1 2.671.167
Perthane 14.391.965 2.22±.126
Aldrin 10.00t.947 1.451.085
Lindane 14.341.982 2.371.101
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Daily Mean Root Length 
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structure could then be a mutagenic agent* Most chlorinated hydrocar­
bons fall into this category*
Aldrin* While aldrin itself is not an alkylating agent, it is 
readily metabolized to its epoxide (Fig* 3)* Epoxides are known to be 
alkylating agents and in certain studies have also been mutagenic. For 
example, ethylene oxide and diepoxybutane were both found to be muta­
genic in barley in a study done by Ehrenberg and Gustafsson (1957)* 
Aldrin would then be considered a potential mutagen if metabolized by 
the plant or in the soil to dieldrin. With a secondary mutagen, how­
ever, activity varies from species to species depending on the ability 
to metabolize the primary mutagen (Sidorov et al. 1966). Therefore, 
a mutagenic effect may not be observable in a particular species*
Lindane* Lindane is also a potential alkylating agent. First, in 
high concentrations it has shown characteristic alkylating effects in 
plant systems, as evidenced by cell death in roots. Kostoff (1946) 
found thickening of root tips and coleoptiles, polyploidy and other 
cytological abnormalities in cereals treated with lindane. This 
insecticide also causes hypertrophy of onion roots if they are grown in 
direct contact with it or if removed from treatment with it after 48 
hours (Scholes 1953)* Secondly, an epoxy ring is probably formed in 
the metabolism of lindane (Matsumura 1975); therefore, alkylation 
typical of epoxides is possible.
Perthane. Perthane, a DDT analogue, has not been tested for 
mutagenicity, nor does it have a structure typical of many alkylating
18
Fig. 3
Structural Comparison of 
Aldrin and Dieldrin
Cl
Cl
Cl-ClH-fl
.Cl
Cl
Aldrin
C l - C lH-H
Cl
Dieldrin
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agents* However, since it is a chlorinated hydrocarbon, it should be 
considered a potential mutagen* Furthermore, perthane is an insecti­
cide commonly used on crucifers, making study of insecticide-induced 
mutation with perthane using A* thaliana appropriate (Epstein and 
Legator 1971)*
Mi Mutations
In the plants and siliques, the mutation percentage of the 
control was unexpectedly high for A* thaliana. This might indicate 
mutations induced by physical factors (Redei 1970)* However, the per­
centage in lindane was significantly higher, possibly, due to its 
alkylating nature. The higher percentage of mutation in perthane than 
in the control, while not significant, suggests further study since 
perthane is widely applied to crucifers. Aldrin showed no significant 
mutagenicity? however, data were questionable due to growth responses.
In most cases, the effects were multiple, suggesting mutations 
which were pleiotropic or else more extensive than point mutations. 
McKelvie (1963)» in working with A. thaliana, found that alkylating 
agents in general produced mainly multiple effects. This would suggest 
a sensitivity, at least in A. thaliana, to the alkylating agent. The 
multiple effects might indicate extensive action by the chemical, 
either through easy entry into the seed or metabolism into a > more 
mutagenic compound (a secondary mutagen).
Mq Mutations
While significant mutation was present in the M2 generation of the
20
lindane and perthane-treated seeds, an apparent drop in mutation per­
centages occurred from those of the M^ generation. The drop could be 
explained in several ways, two of which reflect the limitations of the 
embryo test:
1. Many of the induced mutations of the generation may have 
been somatic and not heritable. It appears from the data that 
both lindane and perthane caused mutation induction, while 
transmission of the mutations was minimal.
2. Some mutations may not have been lethal in the single dose of 
the generation; however, after fertilization, the double 
dose of the mutated gene could have been lethal.
3. The lack of transmission may have been real or a weakness in 
the assay. Qnbryonic lethals and chlorophyll mutants were 
evident; however, many physiological mutations would not 
appear until germination and development of the M2 seeds. 
Therefore, a number of mutations may have gone unobserved.
4* A clear distinction may not be made between mutagenic and
physiological factors unless carried on to the generation. 
Therefore, the embryo test may not have been a good inheri­
tance test (Redei 1970).
Root Growth Mutations
Two major variations in mutation data were observed in this assay 
which were not evident in the M^ and M2 data;
1. Lindane-induced mutagenicity was present, however the perthane 
treatment indicated no major variation from the control. A
21
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possible explanation for this event might be preferential 
action for hypocotyl or epicotyl mutations over root mutations 
by perthane. McKelvie (1963) indicates a preferential induc­
tion of certain mutations by different classes of alkylating 
agents. Another possibility might involve the plant*s meta­
bolism of perthane. One portion of the plant might be more 
efficient at metabolizing the insecticide, resulting in 
either lowered mutagenicity or, perhaps, the production of an 
active secondary mutagen.
2. The root growth data indicated aldrin-induced mutation. The 
observed growth inhibition of the shoot in the aldrin-treated 
seeds was not evident in the root; therefore, mutations were 
more easily observed. This might indicate that mutations 
were also present in the shoot but not observable due to 
growth inhibition. However, the results might also be ex­
plained by varying rates of aldrin metabolism by the plant.
Phytotoxicity
There was no evidence of phytotoxicity in any of the treatments. 
However, there have been several reports of lindane-induced toxicity in 
root growth (Marth 1965» Verstraeten and Vlassak 1973)* The lack of 
phytotoxicity in this assay may have been due to low concentrations 
used. Another possibility might be the purity of the insecticide. 
Lindane is predominantly they isomer of hexachlorocyclohexane. The 
y isomer, even though it is the active insecticide, is not the primary
22
cause of deformation (Reynolds 1956). Scholes (1953) found the a and 
3 isomers, contaminants in pure lindane, to affect root growth most 
strongly, while the yisomer alone was not as toxic. Therefore, in a 
relatively pure supply of lindane, phytotoxicity might be low.
Growth Responses
There are many possible explanations for the growth responses 
observed in the aldrin-treated plants. Two of the major possibilities 
are:
1. Aldrin may act as a growth regulator, stimulating growth at 
low concentrations and inhibiting at high concentrations.
2. Aldrin may function as a growth inhibitor, through the de­
struction of a regulator already synthesized, by competition 
for some necessary cofactor in the synthesis of a growth regu­
lator, or by affecting some major metabolic pathway unrelated 
to a regulator.
Growth regulator explanation
Although aldrin is not similar in structure to the major growth 
regulators, several researchers have found regulator-like action from 
compounds with no structural similarity (Leopold 1964)* Aldrin could 
act as a regulator, even though similarity is lacking (Fig. 4)*
In addition, several studies have shown a possible growth regula­
tor effect by aldrin. Work by Thakre and Saxena (1972) reported low 
doses of aldrin (10 ppm) being stimulatory in wheat and higher doses 
(20 ppm and 30 ppm) having no effect. Earl and Kennedy (1973) also
23
Fig. 4
Structural Comparison of Aldrin 
with Several Growth Regulators
Cl
Cl
C l - - C l
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Aldrin
CHoCOOH
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Kinetin
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found that aldrin created effects typical of hormonal imbalance in 
several plant species.
The results of my study show possible indications of growth regu­
lator imbalance. Rosette diameter and stem length were both markedly 
reduced in the aldrin-treated plants, while root growth showed a stimu­
lation in root length through a five day period.
This inconsistency in effect may be explained by the work of Cole 
et. al. (1976). They found that the total concentration of dieldrin, 
a metabolic product of aldrin, was always greater than that of aldrin 
in the shoot, while the concentration did not exceed that of aldrin in 
the root at six days. However, by two weeks exposure, the concentra­
tion of dieldrin exceeded that of aldrin in both the shoot and the root 
suggesting a greater rate of metabolism in the shoot. Furthermore, at 
twenty days, the major metabolite in the growth medium was still aldrin, 
indicating that the residues in the plants were plant metabolites, not 
soil metabolites.
This applies to the data on A. thaliana. If the aldrin were more 
readily metabolized in the shoot, concentrations of dieldrin would be 
higher there, a possible cause of inhibition. On the other hand, the 
dieldrin concentration in the root at five days would be lower and 
might cause growth stimulation.
Growth inhibitor explanation
Suppression of apical dominance, short intemodes, dark green 
leaves, several functioning meristems and unexpanded leaf blades are 
all evidence of growth inhibition (Cathey 1964). These characteristics
25
were all observed in the aldrii>*treated plants, suggesting a possible 
role of aldrin as a growth inhibitor.
To determine whether aldrin acts in competition with a growth 
regulator, exogenous supplies of several regulators would have to be 
applied to the aldr in-treated plants. If the aldrin-induced inhibition 
was reversed, this would suggest interruption of the metabolic pathway- 
leading to the regulator. However, if the added regulator had no ef­
fect, its destruction or lack of regulator interaction might be sus­
pected.
To distinguish between destruction of the. regulator and lack of 
regulator interaction, one would have to determine the presence or 
absence of the substance in control and test plants by a combination 
of chromatographic and bioassay techniques. If absent in the test 
plants but present in the control, destruction of the regulator would 
be the probable cause of inhibition. If present in both the test 
plants and the control, one would suspect lack of regulator interac­
tion.
CONCLUSIONS
Evidence of mutagenic effects of all three insecticides suggests 
further work in this area. Since the insecticides are commonly used, 
these mutagens might cause a detrimental effect in crop production, at 
least in the M-̂ generation. If crops are being raised for seed produc­
tion, the effect in the Mg generation might be minimal enough to be 
balanced out by the beneficial aspects of the insecticides. However,
26
mutation transmission was detected and, however minimal, could be evi­
dent in future generations.
The growth inhibition observed in the aldrin-treated plants also 
has agricultural implications. Not only was inhibition evident in the 
M-̂ plants, but seed production was greatly reduced. In this case, 
aldrin would appear to be detrimental in agricultural use, both in 
vegetative crop production and in seed crop production.
Furthermore, extensive use of these insecticides year after year 
might present the problem of their accumulation and possible metabolism 
to secondary mutagens. This accumulation might result in concentra­
tions of even more harmful levels. Knowing their possible side effects 
should determine the degree to which they are used in one area for an 
extended period of time.
SUMMARY
27
The use of Arabidopsis thaliana (L.) Heynh. has been widespread in 
genetic research, including the screening of possible mutagenic agents. 
However, its use has been limited in the testing of insecticides for 
mutagenicity. This research was designed to test the mutagenicity of 
three chlorinated hydrocarbons: aldrin, lindane and perthane. All
three insecticides were found to be mutagenic at agricultural levels 
in the M-j_ generation; however, transmission of mutations to the ^  
generation seemed to be low. Evidence of growth inhibition was found 
in the aldrin-treated plants.
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